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The recent eorts that are being invested in the study of 2-dimensional quantum gravity |in
particular dilatonic gravity, with or without matter [1]-[7]| have a variety of motivations:
from the elementary fact that it is much easier to study quantum gravity (QG) in two rather
than in four dimensions, to the much more fundamental reason, that such kind of theories
appear naturally as string-inspired models. However, rst indications that some of the
hard problems of 4D QG |as those associated with the Hawking radiation and black-hole
evaporation [1, 2] (see [8] for a review)| might be much easier to understand in frames of 2-
dimensional dilatonic gravity, appear now not to be quite correct. The impression nowadays
is that 2-dimensional dilatonic gravity does not look any more as a very `simple' toy model.
More eort should be invested in the study of dilatonic gravity in exactly (or near) two
dimensions, having always in mind its subsequent generalization to higher dimensions.
As is well accepted, 2-dimensional Einstein gravity is no more of ultimate interest, since
this action represents a topological invariant in two dimensions. However, it is quite an
old idea [9] to try to study Einstein gravity in 2 +  dimensions, what might help to rem-
edy this shortcoming. The gravitational coupling constant in such a theory |near two
dimensions| shows an asymptotically free behavior [9], what can actually be very exciting
in attempts to solve the problem of non-renormalizability of 4-dimensional Einstein gravity
[10]. Unfortunately, it was shown that Einstein gravity in 2 +  dimensions is on its turn a
non-renormalizable theory [11] (in other words, it has the oversubtraction problem [12]).
Furthermore, dynamical triangulations in more than two dimensions (see, for example,
[13, 14]) have clearly shown the existence of a phase transition to a strong-coupling phase
of similar nature as 2-dimensional quantum gravity [15]. Because of this, of considerable
interest is still to try to construct a consistent theory of QG in 2 +  dimensions (having in
mind a subsequent continuation of  to  = 1 or  = 2).
It has been suggested recently [16], that a thing to do would be to study dilatonic gravity
near two dimensions (similarly, it was the idea in ref. [17] to consider Einstein gravity with
a conformal scalar eld near two dimensions). Notice, however, that unlike Einstein gravity,
dilatonic gravity possesses a smooth  ! 0 limit. This dierence manifests itself in the
fact that dilatonic gravity |which after a proper eld denition can be presented as an
Einsteinian theory with a scalar eld| is not equivalent to Einstein gravity in exactly two
dimensions. Moreover, dilatonic gravity is renormalizable and, hence, it does not suer from
the oversubtraction problem. Even more [16], the gravitational coupling constant in this
theory also has an ultraviolet stable xed point (asymptotic freedom) for  > 0 and n < 24
(n is the number of scalars or matter central charge). Thus, the matter central charge in
dilatonic gravity is bounded, as it also happens in Einstein's theory.
In the present paper we consider dilatonic-Maxwell gravity with scalar matter in 2 + 
dimensions. This theory, which includes a dilatonic potential and a Maxwel term with an
arbitrary dilatonic-vector coupling function, may be considered as a toy model for unication
of gravity with matter (scalar and vector elds). We will show that in the ultraviolet stable
xed point the gravitational coupling constant has the value G

= 3=[2(30 n)] and, hence,
owing to the contribution of the vectors, the matter central charge of our universe in such a
model can be naturally increased from 0 < n < 24 (for pure dilatonic gravity) to 0 < n < 30
(for dilatonic-Maxwell gravity). With this, we will show explicitly that it is possible to have
an even wider window for the matter central charge, provided we consider non-abelian gauge
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elds. We will also present an evaluation of the corresponding, generalized beta functions,
and their xed-point solutions will be found. At the xed point the theory can be cast under
the form of a standard, string-inspired model with a dilatonic potential of Liouville type.
The paper is organized as follows. In the next section we discuss the classical action of
dilatonic-Maxwell gravity with matter and we derive the corresponding one-loop eective
action. Section 3 is devoted to the study of the renormalization of the model and, in par-
ticular, to the derivation of the beta functions (to rst order in the gravitational coupling
constant G). The xed-point solutions of the renormalization group (RG) equations together
with a detailed analysis of their stability are presented in section 4. The form of the action
at the xed points is discussed. In section 5 we investigate the issue of gauge dependence of
the position of the xed point for the dilatonic coupling function. Finally, in section 6 we
present the conclusions of our investigation and an outlook.
2 Dilatonic-Maxwell gravity with matter in 2 +  di-
mensions
In this section we are going to consider a theory of dilatonic gravity interacting with scalars
and vectors via dilatonic couplings in 2 +  dimensions. This theory can be considered as a
toy model for a theory of unied gravity with matter (since fermions can be included without















































is the (2 + )-dimensional metric, R the corresponding curvature, 
i
are scalars












a vector, and where the smooth functions
Z(), C(), V (), f() and f
1
() describe the dilatonic interactions. Notice that V () is a
dimensional function and it is therefore convenient to redene V ! m
2
V , where m is some
parameter with dimensions of mass. Notice that in the absence of an electromagnetic sector
the action (1) can be easily presented under the form of a non-linear sigma model [25]. Then
the ! 0 limit of the theory (1) can be discussed in a string eective action manner [26].
One can easily prove that the above theory (1) is renormalizable in a generalized sense.
The one-loop counterterms corresponding to (1) in two dimensions have been calculated
in refs. [18, 19]. Our purpose here will be to study in some detail the renormalization
structure of (1) in 2 +  dimensions and in particular the corresponding renormalization
group equations. The very remarkable point that gives sense to this study is the fact that
the theory (1) (unlike Einstein gravity [9]) has a smooth limit for  ! 0. This property
allows for the possibility to study the behavior of (1) in 2 +  dimensions by simply using
the counterterms calculated already in 2 dimensions |in close analogy with quantum eld
theory in frames of the -expansion technique (for a review see [20] and [21]).
Before we start working with action (1) we will perform some simplications. First,
motivated by the form of the string eective action, we choose the dilatonic couplings in (1)




















constants, one can always normalize the dilatonic couplings in such a manner
that
f(0) = 1; f
1
(0) = 1: (3)
Second, as has been done in refs. [6, 7], we can also use a local Weyl transformation of the








in order to simplify the dilatonic sector of (1). In particular, one can use (4) of a specic
form such that Z() = 0. Finally, we can perform a transformation of the dilaton eld in
order to simplify the function C(), namely to reduce it to the form C() = e
 2
. With all















































being  a mass parameter and where we have choosen the dilatonic couplings so that (0) =
f
2
(0) = V (0) = 0. The rst two terms in (5) correspond to the dilatonic gravity action in
ref. [16], which was considered in 2 +  dimensions. With our choice of (5) the zero modes
of the dilatonic couplings are xed with the help of reference operators in the gravitational
sector [16] and with the renormalization (by constants) of the scalar, vector, and mass m
2
in the matter sector.
We can now start the study of the divergences of the action (5). The study of the one-
loop divergences of dilatonic gravity in the covariant formalism, initiated in ref. [4], has
been continued in refs. [6, 7, 18, 19, 22, 23]. It is by now well under control, and we do not
consider it necessary to repeat the details of such a calculation for the case of the model (5).
Let us just recall that it is based on the t'Hooft-Veltman prescription [10]. The gauge-xing





































is a traceless quantum gravitational eld and ' a quantum scalar eld, in the























is a quantum vector eld. Notice that for the background elds we use the same
notations as for the classical elds in (5).
The calculation of the one-loop eective action corresponding to (5) in the gauges (6)
and (8) can be performed in close analogy with the one in refs. [18, 19] (which was actually
carried out for a more general theory in two dimensions). Owing to the smooth behavior of
(5) for ! 0, the divergences of (5) can be also calculated in exactly two dimensions, what


















































where  = d  2. A few remarks about the comparison of (9) in some particular cases with
results that have appeared in the literature are in order. First, in the absence of scalars and




























This expression coincides with the results of refs. [4, 6, 7, 18, 19, 22, 23] in the same
covariant gauge. Moreover, in ref. [7],  
div
eq. (10) has been calculated in a one-parameter
dependent gauge, what gives an additional check of (10) at the value of the gauge parameter
corresponding to the gauge choice (6). For dilatonic gravity with a Maxwell sector, (9)
coincides with the results in [18, 19, 22]. Notice that the calculation of  
div
eq. (9) for the
theory (5) without vectors and for e
 V ()
 0 has been done in ref. [16], in the (2 + )-
dimensional formalism but in a slightly dierent gauge. When comparing the results, there






 term in (9). On one hand, we get
a dierent contribution from the scalar dilaton coupling, what may be due to the slightly
dierent gauges. On the other, instead of our coeÆcient 8 there appears in [16] a coeÆcient
4, what might be an indication of some mistake, or maybe due to the use of the inconvenient
background eld method |since these authors also employ a gauge of harmonic type and do




3 Beta functions and renormalization group analysis
We turn now to the study of the RG corresponding to our model in 2+ dimensions. We will
follow here the approach of ref. [16], which is actually based on earlier considerations in [9].
The main idea of the whole approach is to use G as the coupling constant in perturbation





























































































The structure of the counterterms shows that the gravitational coupling is a really nice choice
for parameter of the perturbation theory.
5
By looking carefully at the relations (12) we observe that our theory is one-loop nite
provided the following conditions are fullled:




; V () =  2; f
2
() = 2: (13)
(Notice, however, that perturbative niteness is a more natural property in 2-dimensional
supergravity [27]).








































































The renormalization transformations can be dened as follows

0













































The functions , f , F ,... are chosen so that (0), f(0), F (0),... can be set equal to zero.
Substituting the renormalization transformations (15) into the renormalized action (14) (in



























































































































































Working to leading order in G (notice that the functions f , , F ,..., F
f
are of rst order in














































































Hence, we see that the zero modes of the functions f , f
2
and V are indeed controlled by a
constant renormalization of the vector, the scalar and the mass.
We can now turn to the evaluation of the beta functions. We will list below only the ones
corresponding to the dilatonic couplings and gravitational constant (for the purely dilatonic






















































































































































































Similarly, one can obtain the -functions for the elds and mass parameter, which are however
of less importance to us, due to the fact that they correspond to non-essential couplings.
Notice also that the only conformal mode of the gravitational eld is renormalized in 2 + 
dimensions, what is quite well known [9, 16] (for a study of conformal factor dynamics in
four dimensions, see [28]).
4 Fixed points









Hence, for n < 30 we obtain the infrared stable xed point G = 0. There is also an ultraviolet







The theory is asymptotically free in the ultraviolet limit. The inclusion of vector elds has
increased the matter central charge of our universe, when compared with the cases of pure
dilatonic gravity [16], Einstein gravity [9], or Einstein gravity with a conformal scalar [17].
Our theory admits more matter than any of these previous models.
7
We start the search for xed-point solutions corresponding to the dilatonic couplings. To
this end we choose the following Ansatz:




; V () = 
V
: (22)































































Equating these -functions to zero we easily get the xed-point solutions. For the dila-









There are also imaginary oscillating solutions for   
 1=2
, which have been mentioned in
ref. [16] and which are not physical solutions.


















The xed-point solutions (25) are of the same nature as solution (24). Notice, however, that
the denominator in (25) is dierent from the denominator for the case of a purely dilatonic
sector (24). For the existence of the solutions (25) a new limitation appears: n 6= 18. Under
a discontinuous transition through the point n = 18, the sign of the xed points in (25)
changes.
It is interesting to see in which way the model (5) can be rewritten at the xed point. In



























































































As one can see from expression (27), without the electromagnetic sector and settingm
2
= 0, it
describes the CGHS action [1] (at the limit ! 0 is nite and scalars become non-interacting
with the dilaton). As it stands, action (27) is of a similar form as dilaton-Maxwell gravity
[5, 19] with the Liouville potential. Notice that such kind of dilaton-Maxwell gravity (which
8
can also be considered as a charged string-inspired model [5]) admits charged black hole
solutions with multiple horizons, being in this sense analogous to four or higher-dimensional
Einstein-Maxwell theories [24]. Dierent forms of dilatonic gravity can be easily obtained too,











, we can present the theory at the critical point as having a free (i.e.,
non-interacting with the dilaton) Maxwell sector.
Notice also that, in order to x the scale of the metric |what is certainly necessary
for discussing the renormalization of the gravitational constants [9]| one can use the same
reference operator as in ref. [16], e.g. a combination of the trace of the metric and of the
dilaton. As has been already explained in detail in [16], this choice is enough to x the scale
of g

and the origin of .
One can now study the stability of the xed points (21), (24), (25), along the same
lines as in ref. [16]. Now we can perform variations along four dierent trajectories, but
concerning the existence of xed points the situation is pretty similar to that in ref. [16].
In fact, a careful analysis of the the beta-functions (19) for the linear Ansatz (22) shows
that the two last equations (i.e. those for f
2
and V ) do not produce a new multiplicity of




we just have one single value of 

f
and one of 

V
, that complete the four coordinates of the xed point. For 

we obtain three













that correspond to highly oscillating dilaton couplings and seem not to have any sensible
meaning.
Expanding the beta functions near the (only real) xed point, in the way
G = G






































































As observed in ref. [16], we may take e

to play the role of loop expansion parameter, and
restrict ourselves to the region e
2



















transform this region into the following ones



















































































































By imposing the initial condition Æ( = 0) = 0 we see that 
1
> 0. Hence, we observe that
the xed point for G is not ultraviolet stable in the direction Æ. At the same time, within




to be negative |since, for the
other two directions, f
2
and V , there is no way to make Æf
2
= 0 nor ÆV = 0 at  = 0. (By
means of an adequate choice of arbitrary constant, we can choose Æf
2
( = 0) and ÆV ( = 0)
as small as we like, but never zero |with the choice above we have set these two values
equal to 1). Therefore, the xed points for f
2
and V are ultraviolet stable in the direction
Æ but are always infrared unstable in this direction (since they are never zero at  = 0).
In this sense the theory (four RG functions) possesses a saddle xed point.
5 Gauge dependence and xed points
It is of interest to discuss in some detail how the results of the previous sections would change
if we made a dierent choice of the gauge condition. This question is not trivial at all, as
was already mentioned in [7, 4], where it was shown that at some gauges dilatonic gravity
could be rendered one-loop nite (except for the conformal anomaly term). However, explicit
calculation of the divergences for dilatonic gravity with matter in a parameter-dependent





































(') is some dilatonic coupling and C
1
some constant. The one-loop divergences of




















































































are arbitrary dilatonic functions.
The calculation of the one-loop eective action for the theory (36) in the gauge (37) (let
aside from the f
3




































Notice that in ref. [7] only the dilatonic contribution | the (-='
2
)-term| had been found.
The explicit calculation of the function V
1
, which depends on f
3
and , requires a huge
algebra (see [7]). Fortunately, knowledge of the precise form of V
1
is not necessary for our
considerations here, as we will see below.












; ' = e
 2
; (39)

































() with exp( 2(). After proper trans-
formation of the gauge-xing Lagrangian (37), the  
div
corresponding to the theory (36)


























For  = 1 the dilatonic gravity contribution in (41) coincides with the result given in
[22, 4, 6, 7] or in Eq. (10).
Repeating the considerations of sects. 3 and 4 with  
div





changes also accordingly (but not 
G
). Adding to the central charge in (41)













The explicit form of V
1
(which is a combination of  and its derivatives) is not necessary to
nd this xed point, as it was also the case with eq. (24)). The value of the gravitational
coupling constant at the ultraviolet xed-point is gauge independent, as it should be.
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We realize that for any non-zero value of the gauge parameter a xed point 

exists.
(The case  = 0, which corresponds to a gauge of Landau type, is in some sense degenerate
and, hence, all the considerations in this case must be given independently, including the
calculation of the explicit form of the function V
1
). The change of gauge parameter will
aect the position of the xed point through the slope of the function (). However, the
more physical issue of the stability (or instability) of this xed point will not be aected.
6 Conclusions
In this paper we have studied dilatonic-Maxwell gravity with matter near two dimensions.
The nice properties of this theory are: (i) its renormalizability in 2 +  dimensions and the
asymptotically free behavior in the ultraviolet regime shown by the gravitational coupling
constant. (ii) The fact that there is a non-trivial xed-point solution for the dilatonic cou-
plings and that, at the xed point, the theory may be represented in the standard form of
the string-inspired models that have been discussed recently. (iii) The increase of the upper
limit for the matter central charge |due to the contribution of the vector eld| from 24
(pure dilatonic gravity) or 25 (Einstein gravity) to 30. This gives the possibility to extend
the matter content of the theory.
The investigation of the theory (5) shows the way of considering even more realistic toy
models in 2+ dimensions. Indeed, instead of the Maxwell term in (5) we can insert its non-
abelian, Yang-Mills generalization corresponding to a gauge potential A
a

, a = 1; 2; : : : ; N .
For simplicity, let us consider the gauge group to be simple and compact and the structure
constants antisymmetric. Let us also add to action (5) the kinetic term for m fermions
with a dilatonic coupling constant similar to (). Such theory represents the unication of
dilatonic QG with matter (scalars, spinors and vectors) in 2 +  dimensions.






(48 + 12N  m  2n)G
2
: (43)
From this expression we see that the matter central charge, C = n + m=2 is limited as
follows:
0 < C < 24 + 6N; (44)
and for such a range of the central charge there is an ultraviolet stable xed point for the





48 + 12N  m  2n
;  > 0: (45)
Hence, we still preserve asymptotic freedom in the gravitational coupling constant. Moreover,
we have now much less rigid restrictions to the central charge: by increasing the dimension
N of the gauge group we may increase the number of scalars and spinors in the theory.
The calculation of the one-loop eective action for this theory can be carried out following
ref. [18] (and the second ref. of [22]) and, at least qualitatively, the conclusions about the
existence of non-trivial xed point solutions of the form (22) remain true. In particular, we
12

















24 + 12N  m  2n
:
(46)
The stability of the xed-point solutions (as well as for the corresponding fermion-dilaton
coupling) can be studied similarly as in sect. 4.
It is also of interest to consider supergravity models in 2 +  dimensions. Some attempt
in this direction has already been started in ref. [29]. Finally, an important issue is to study
quantum cosmology in frames of our (2 + )-dimensional model and, in particular, to check
carefully the claim of ref. [17] that RG considerations in 2 +  dimensions may indeed help
to solve the spacetime singularity problem. We plan to return to some of these questions in
the near future.
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A Appendix: Jackiw-Teitelboim model with matter in
2 +  dimensions


























and shows the quite remarkable fact that there is only possibility for existence of constant
curvature geometries in the model. It also gives the way to construct non-critical string
theories without limitations in the matter central charge of the theory [3].
By interaction of the theory (A.1) with scalars and vectors under the form of a dilatonic
coupling, as in (5), the property (A.2) is lost. Dilatonic eld equations become more compli-
cated, involving also contributions from the matter sector. By performing renormalization
as it was done before, we observe that the choice of V () as in (A.1) breakes down at the
quantum level (25), since 

V
6= 0. Hence, the JT model with matter is not a non-trivial
xed point of the RG in 2 +  dimensions. Of course, starting from action (5) and carring
out a non-singular gauge transformation of the metric as in (26) one can obtain in the action
|at the xed point| a term of the form (A.1). However, the price for this will be the
appearence of a dilatonic kinetic term, what destroys the crucial property of the JT model
(A.2) already in the sector of pure dilatonic gravity.
13
References
[1] C. Callan, S.B. Giddings, J. Harvey and A. Strominger, Phys. Rev. D45 (1992) R1005.
[2] S.P. de Alwis, Phys. Rev. D46 (1992) 5429; S.B. Giddings and A. Strominger, Phys.
Rev. D47 (1993) 2454; L. Susskind and L. Thorlacius, Nucl. Phys. B382 (1992) 123;
A. Bilal and C. Callan, Nucl. Phys. B394 (1993) 73; T. Banks, A. Dabholkar, M.
Douglas and M. O'Loughlin, Phys. Rev. D45 (1992) 3607; S.B. Giddings and W.M.
Nelson, Phys. Rev. D46 (1992) 2486; S. Hawking, Phys. Rev. Lett. 69 (1992) 406; R.B.
Mann, Phys. Rev. D47 (1993) 4438; Nucl. Phys. B418 (1994) 231; K. Hamada and A.
Tsuchiya, Int. J. Mod. Phys. A8 (1993) 4897.
[3] R. Jackiw, in Quantum theory of gravity, ed. S. Christensen (Hilger, Bristol, 1984); C.
Teitelboim, Phys. Lett. B126 (1983) 41; A.H. Chamseddine and D. Wyler, Nucl. Phys.
B340 (1990) 595; R.B. Mann, S.M. Morsink, A.F. Sikkema and T.G. Steele, Phys. Rev.
D43 (1991) 3948; A.H. Chamseddine, Nucl. Phys. B368 (1992) 98; I.M. Lichtzier and
S.D. Odintsov, Mod. Phys. Lett. A6 (1991) 1953.
[4] S.D. Odintsov and I.L. Shapiro, Class. Quant. Grav. 8 (1991) L57; Phys. Lett. B263
(1991) 183; Mod. Phys. Lett. A7 (1992) 437.
[5] M. McGuigan, C. Nappi and S.A. Yost, Nucl. Phys. B375 (1992) 421; O. Lechtenfeld
and C. Nappi, Phys. Lett. B288 (1992) 72; E. Elizalde and S.D. Odintsov, Mod. Phys.
Lett. A8 (1993) 33; S. Nojiri and I. Oda, Phys. Lett. B294 (1992) 317.
[6] J. Russo and A.A. Tseytlin, Nucl. Phys. B382 (1992) 259.
[7] S.D. Odintsov and I.L. Shapiro, Int. J. Mod. Phys. D1 (1993) 571.
[8] J.A. Harvey and A. Strominger, preprint EFI-92-41 (1992).
[9] S. Weinberg, in General Relativity, an Einstein Centenary Survey, eds. S.W. Hawking
and W. Israel (Cambridge Univ. Press, Cambridge, 1979); R. Gastmans, R. Kallosh
and C. TruÆn, Nucl. Phys. B133 (1978) 417; S.M. Christensen and M.J. Du, Phys.
Lett. B79 (1978) 213; H. Kawai and M. Ninomiya, Nucl. Phys. B336 (1990) 115; J.
Nishimura, S. Tamura and A. Tsuchiya, preprint KEK-TH-394 (1994).
[10] G. 't Hooft and M. Veltman, Ann. Inst. Henri Poincare 20 (1974) 69.
[11] I. Jack and D.R.T. Jones, Nucl. Phys. B358 (1991) 695.
[12] H. Kawai, Y. Kitazawa and M. Ninomiya, Nucl. Phys. B404 (1993) 684.
[13] J. Ambjrn and J. Jurkiewicz, Phys. Lett. B278 (1992) 42.
[14] I. Antoniadis, P.O. Mazur and E. Mottola, Phys. Lett. B323 (1994) 284.
[15] J. Ambjrn, S. Jain, J. Jurkiewicz and C.F. Kristjansen, Phys. Lett. B305 (1993) 208.
[16] S. Kojima, N. Sakai and Y. Tanii, Nucl. Phys. B426 (1994) 223.
[17] T. Aida, Y. Kitazawa, H. Kawai and M. Ninomiya, Nucl. Phys. B427 (1994) 158.
14
[18] E. Elizalde, S. Naftulin and S.D. Odintsov, Phys. Rev. D49 (1994) 2852.
[19] E. Elizalde and S.D. Odintsov, Nucl. Phys. B399 (1993) 581.
[20] K.G. Wilson and J. Kogut, Phys. Rep. 12 (1974) 75.
[21] J. Zinn-Justin, Quantum eld theory and critical phenomena (Oxford Univ. Press, Ox-
ford, 1989); E. Brezin, J.C. Le Guillou and J. Zinn-Justin, in Phase transitions and
critical phenomena, Vol. 6, eds. C. Domb and M. Green (Academic Press, London,
1976).
[22] R. Kantowski and C. Marzban, Phys. Rev. D46 (1992) 5449; E. Elizalde, S. Naftulin
and S.D. Odintsov, Z. Phys. C60 (1993) 327.
[23] I.L. Buchbinder, I.L. Shapiro and A.G. Sibiryakov, Hiroshima preprint (1994).
[24] G.W. Gibbons, Nucl. Phys. B207 (1982) 337; G.W. Gibbons and K. Maeda, Nucl.
Phys. B298 (1988) 74.
[25] L. Alvarez-Gaume, D.Z. Freedman and S. Mukhi, Ann. Phys. 134 (1981) 85; D. Friedan,
Ann. Phys. 163 (1985) 318.
[26] E.S. Fradkin and A.A. Tseytlin, Nucl. Phys. B261 (1985) 1; C. Callan, D. Friedan, E.J.
Martinec and M. Perry, Nucl. Phys. B262 (1985) 593; H. Osborn, Ann. Phys. (NY)
200 (1990) 1.
[27] B. de Wit, M.T. Grisaru, E. Rabinovici and H. Nicolai, preprint CERN-TH.-6477/92
(1992).
[28] I. Antoniadis and E. Mottola, Phys. Rev. D45 (1992) 2013.
[29] S. Kojima, N. Sakai and Y. Tanii, preprint hep-th/9311045, to appear in Int. J. Mod.
Phys. A.
15
